A large-scale inventory of trees > 10cm DBH was conducted in the upland "terra firme" rain forest of the Distrito Agropecuário da SUFRAMA (Manaus Free Zone Authority Agricul tural District) approximately 65Km north of the city of Manaus (AM), Srasil. The general appearance and structure of the forest is described together with local topography and soil texture. The preliminary results of the Inventory provide a minimum estimate of 698 tree species in 53 families in the 40Km radius sampled, including 17 undescribed species. The most numeri cally abundant families, Lecythidaceae, Leguminosae, 5apotaceae and Burseraceae as also among the most species rich families. One aspect of this diverse assemblage is the proliferation of species within certain genera, Including 26 genera In 17 families with 6 or more species or morphospecies. Most species have very low abundances of less than 1 tree per hectare. While more abundant species do exist at densities ranging up to a mean of 12 trees per ha, many have clumped distributions leading to great variation in local species abundance. The degree of similarity between hectare samples based int the Coefficient of Community similarity Index varies widely over different sample hectares for five ecologically different families. Soil texture apparently plays a significant role In determining species composition in the different one hectare plots examined while results for other variable were less consistent. Greater differences in similarity indices are found for comparisons with a one hectare sample within the same formation approximately 40Km to the south. It is concluded that homogeneity of tree commu nity composition within this single large and diverse yet continuous upland forest formation can not be assumed.
INTRODUCTION
The high species richness and low population densities of many species have remained a challenge to biologists studying tropical communities, both in the cataloging of the species present and in the comparison of community composition at different sites within a single formation. The present investigation presents the preliminary results of an on-going study of the tree populations of the upland ''terra firme'' rain forest of the central Amazon just north of the city of Manaus (Amazonas)
Brazil. The immediate objectives of the inventory are to provide base-line data on tree species presence, abundance and distribution to determine the similarity of patches of forest in a broad but superficially homogeneous locality, and to serve as controls for the same patches after experimental manipulation. This paper presents the preliminary floristic results of the inventory and describes the tree element of the forest community before disturbance. This study is a contribution of the ''Botanical 
STUDY LOCATION
The study is being conducted in the upland ''terra firme'' rain forest of the 
METHODS
The forest tree inventory includes all trees greater or equal to 10cm diameter at breast height (DBH) in the study plots. In each reserve, study areas of 1 hectare, generally lOOtnxlOOm, are laid out and divided into 20mx20m quadrats. Quadrat corners are marked with PVC pipe and identified within a coordinate grid. Each tree is measured for DBH and it's position in the quadrat mapped. A sample of leaves, flowers or fruits is collected from every tree for later identification in the INPA Herbarium and by family specialists. Reference vouchers (Appendix I) are maintained in the project reference collection at INPA and in the INPA Herbarium, where an additional representative stand collection for several hectares will also be kept and reference collection duplicates are int he process of being incorporated in the Laboratoire de Phanérogami e, Museum National d'Histoire Naturelle in Paris. Each tree receives a uniquely numbered tag for that reserve attached to a galvanized nail. At the present the inventory has been conducted for over 50,000 trees in 78 hectares of forest, including 2 plots of 9 contiguous hectares each, one of which was isolated in 1980 and the other which is located in the center of a lOOOha reserve. Results for 70 contiguous and noncontiguous hectares are presented in this publication.
General site description
The landscape in the Distrito Agropecuário is hilly, composed of steep slopes alternating with flat plateaus. Small and occasionally large streams cross the area but there are no rivers of navigable size. All lOOha reserves contain permanent streams or waterlogged low areas while lha reserves contain neither of these features. Topographic maps of inventory hectares show a variation in elevation of from 0 to 16m with a mean difference of 6.85 ± 4.00m (Fig. 2) . The total topographic variation for the region is approximately 80m (Ranzani, 1980) . The soils of the region are clayey and are classified as ''podzólico vermelho amarelo ali co'' (aluminum-ri eh red yellow podzol) and ''latosolo amarelo ali co'' Calumi num-ri eh yellow latosol) CRanzani, 1980 The general appearance of the undisturbed forest is that of a very closed vegetation with a high density of trees of low stem diameter and an abundance of stemless or juvenile pinnate leaf palms (Figure 3 ). Arborescent palms are also present in abundance in the canopy and midstory (see Results). Few examples of massive individuals can be found and in general trees are much smaller both in height and diameter than in upland forests in other sites in the Brazilian Amazon such as Carajás or Jari. 
INVENTORI RESULTS
The greatest number of trees in the portion of the stand included in the present study (2 10c* DBH) is found in the 10 to 20cm classes (Figure 4 ). Few trees attain diameters greater than 60cm, with the notable exceptions of emergente such as Caroycar villosi» (Caryocaraceae), Dinizia excelsa (Leguminosae) and certain Lecythidaceae. The mean tree density of 636.8 ± 40.8 trees per ha (based on a sample of 9 noncontiguous single hectares). Basal area is 30.55 * 3.5m 2 per ha, slightly below values around 35m 2 from other forests in the Brazilian Amazon (Pires, 1978) . Diameter Class (cm)
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The canopy height is between 35 and 40m, with emergent trees reaching up to 45m. The average bole length (height to the first branch) for trees > 10cm DBH is 11.6m, varying between 3 and 32m. This branch distribution plus a high density of saplings and stemless or juvenile tree palms reduces visibility to around 20m in the understory and not more than 30m in the midstory. The tree crown zone of the forest, the mid-story and the understory vary widely due to trees fall gaps, standing dead trees, architectural differences in tree species and total tree heights. No distinct strata can be perceived on a forest-wide basis.
A preliminary analysis of the families and species of trees present in the 70 inventory hectares provides a minimum estimate of 698 species in 53 families analyzed to date for the region (Appendix I). The eventual confirmation of an additional 156 existing morphospecies and the inclusion of numerically important families currently not available or still under study, such as Leguminosae and Lauraceae, will bring this number to around 1000 species (estimates for missing families based on species counts from the Reserva Ducke in the same region, Prance, 1990 ).
Examining the inventory results at the family level, the Lecythidaceae, Leguminosae and Sapotaceae are consistently the three most abundant families in sample sizes ranging from 0.1 to 9 hectares ( Figure 5 ). The trees of these three families alone make up a remarkable 41% of the stand in the 9 contiguous hectares sample. The fourth most abundant is the Burseraceae, 5.5% in 9ha, a family well represented at all sample levels but with densities significantly lower than any of the first three and similar to those of the Annonaceae, Chrysobalanaceae, Lauraceae, Moraceae and Violaceae. 
No. of Families Encountered
The most numerically abundant families are also among the most species-rich, with 74, 49
and 45 species respectively in the Sapotaceae, Burseraceae and Lecythidaceae ( Figure 6 ). The study area appears to be a major center of diversity for the Sapotaceae where up to 50 species have been encountered in a hectare containing only 98 individuals of this family (L. D. A.
Teixeira, pers. com.)-A similar result is found for the Burseraceae where half of the species in the 70 inventory hectares are present among 98 trees in the one hectare reserve 2107. The mean number of species per hectare for the family is 17.9 ± 3.69 (based on 9 noncontiguous hectares). In general however, most families have been found to have fewer than twenty species and 6 (10.9¾) are represented by a single species (Figure 6 ). 
Family
Much of the species richness of this forest is due to the proliferation of species within certain genera of a family. The greatest number of species within a single genus to date is in Licania (Chrysobalanaceae), and Profiliti (Burseraceae), both with 35 species followed by Eschweilera (Lecuthidaceae) with 20 species. There are 26 genera in 16 families which qualify as species-rich when a minimum of 6 species per genus is used as the arbitrary cutoff for ' 'species-rich' ' genera (Table 2 , also see Appendix I). The presence of more than one such genus in a family is not uncommon. Again, the numerically most abundant families distinguish themselves in possessing species-rich genera. The numerically most abundant species in the inventory to date does not from one of the families of greatest overall abundance but from the lOth ranking Euphorbiceae.
Micrandropsis scleroloxyon is represented by 875 individuals in 70ha, with an average density of 12.5 trees/ha. A significant amount of variation exists in "local population density which ranges from 0 to 42 trees in any given hectare plot. Almost equally abundant is Protium cf. llewelynii of the Burseraceae, with 839 trees or 12 trees/ha. The high density of Oenocarpus bacaba Mart., with over 500 trees is not surprising in view of the striking first impression this forest makes of a community rich in palms (see previous section). The most abundant species in each family for which such data are currently available are "listed in Table 3 . Only 12 families have their most abundant species present at densities of greater than 1 tree per hectare although future results from the still incomplete Sapotaceae, Leguminosae and Lauraceae may raise this to 15. Several families, such as the Annonaceae, Burseraceae, Chrysobalanaceae, Euphorbiaceae, Lecythidaceae, Myristicaceae and Violaceae, have two of more species with densities greater than 1 tree per hectare. At least five of these 12 families are also among those relatively rich in species and 7 of these species belong to genera rich in species. The concentration of tree species in a single hectare of the upland forest is enormous.
A previous inventory in the same region (Prance et al., 1976) observed 191 species > 10cm DBH in 36 families. A preliminary estimate for the present study is more than 124 species per hectare based on data from only 29 of the 37 families occurring in the one hectare Reserve 1105
and not including, among others, three of the richest families (Lecythidaceae, Sapotaceae, Leguminosae) for which data by hectare are not yet available.
The Annonaceae, the sixth ranking family in numerical abundance in a 9 contiguous hectare sample and to date 3rd in species richness for the entire 70ha, provides a good example of species abundance and distribution patterns within a major family. As in other abundant families, it is represented by many individual trees in every hectare sampled, ranging in this case from 12 to 46 trees with a mean of 24 ± 8.77 trees per ha (based on 9 separate hectares).
Fifty five species were encountered in the 70 inventory hectares, making this the third most diverse of the families studied to date. A majority of the species, 48 out of 55 or 87% of the family, are relatively rare, occurring at densities equal to or less than 1 tree per hectare (Figure 7 ), thus only a subset of the species known to be present in the project area will necessarily be found in any given hectare. Many of the less abundant species have individuals of 25cm DBH or greater, for example the generally large Onychopetalum amazonicum, suggesting that the observed low densities are not an artifact of the 10cm lower DBH limit used in the study. (Table 4) . Mean densities also differed. Five of the seven species occurred at greater mean densities over 9 hectares than for all 70 hectares despite the absence of 3 of these species from one or more of the 9 hectares. Data from the closely adjacent or contiguous inventory hectares in the larger reserves may give slightly lower density estimates for clumped species. Applying the general rule that clumped distributions are indicated by sample variance larger than the mean (Pielou, 1974: 141-143) , four of these species have definitely clumped distributions and one more is probably clumped at the 1 hectare sampling unit level for the 9 hectares examined ( Table 4 -Distribution over 9 scattered hectares of Annonaceae having overall densities of > 1 tree/ha for 70 hectares. 
Sampling unit similarity
If the spatial distributions for a majority of the most abundant species in a large family are irregular and with abundant species showing a tendency toward clumped distribu tions, will this have a significant impact on the degree of similarity in species composition for the family over the nine scattered 1 hectare reserves? It might be assumed that such patterns would result in low similarity of species composition between sample hectares as long as the factor(s) responsible for them does (do) not act in the same way on certain species, causing them to be distributed as a block. The Coefficient of Community (referred to henceforth as C.C.), a measure of similarity in species composition (Pielou, 1974: 311-312 (Table 5 ). The Burseraceae, an abundant species-rich family with many small or medium sized trees, has relatively high C.C.s over a small range, between 50 and 70. This is apparently due to the presence of a group of 8 ubiquitous species which occur consistently in 8 or all of the 9 hectares. This is seen in the second highest Normally such an examination of sample similarity would include all species encountered in the two samples. This is not possible in the present case due to the number of families still not completely identified. When based on the five families considered above, a moderate but not great similarity between hectares was found with a narrower range of C.C. values than for four of the individual families. The C.C. values range from 42.5 and 45.5, for the greatest contrast in soil texture and the most widely separated hectares, to 66.7 and 63.0, for the greatest similarity in soil texture and the closest hectares of similar soil texture and topography (Table 5) .
Comparisons with other regional inventories
The present study demonstrates the great diversity, low population densities and variability in taxonomic similarity of sampled hectares in the upland forest of the BDFF study area in the central Amazon. It is interesting to consider how these results apply to the region in general which in its pristine state is under almost total continuous forest cover.
To date, there have been 8 upland rain forest inventories conducted in the central Amazon in the region of Manaus, north of the Amazon River and east of the Rio Negro, including the present study (Table 6 ). These studies have varied greatly in their area (0,185ha to 92ha), botanical precision and the minimum DBH limit. Only two of these inventories were conducted with the collection of botanical vouchers for all trees, thus guaranteeing the accuracy and verifiability of the species cited as well as permitting quantification of species abundances (Prance et al., 1976 and this study) . Information on the regional flora is also available from a study of the collections from the Reserva Ducke registered in the herbarium of the Instituto Nacional de Pesquisas da Amazônia (Prance, 1990) . While based on pooled material collected under differing criteria, it provides a botanically accurate reference point against which regional inventories can be checked.
The number of species encountered in these inventories varies widely (Table 6 ) and interpretation of these data is complicated by differences in inventory method mentioned
above. An inventory of commercial size trees in 92ha spread over many scattered plots of the upland forest in the Distrito Agropecuário da Suframa cites 352 tree species (Alencar, 1972) . Other estimates given vary between 169, 326, 43. A preliminary estimate for the Reserva Ducke collections reaches 825 species for all vascular plants (Prance, 1990) . The BDFF inventory is thus the richest assembly of tree species encountered in the region, probably due in a large part to the breadth and intensity of the inventory, identification based on vouches collected for all trees rather than common name-based identifications and the possibility to recollect additional material from the tagged tree to resolve eventual problems of identification. from all trees 9 contiguous ha each common name + 1 parcel some botanical 350 vouchers common name + noncontiguous parcels some botanical 167 vouchers common name + noncontiguous parcels some botanical 247 vouchers common name + noncontiguous parcels some botanical vouchers common name + noncontiguous parcels some botanical vouchers
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If comparisons are limited to the family level, which corresponds roughly to the regional common name level of distinction, all 8 inventories show the consistent numerical domination of individuals of the Sapotaceae, Lecythidaceae and Leguminosae regardless of the lower DBH limit employed. When lower DBH limits of 8 to 15 cm are used, the Burseraceae also appears on the list of the 5 most abundant families along with Sapindaceae, Moraceae and Violaceae. The Chrysobalanaceae, Lauraceae, Euphorbiaceae and Annonaceae appear at and above 20cm DBH.
Of all these studies, the only two which can be compared at the species level are Prance et al (1976) and the present study. The former was conducted on a one ha plot at the Comissão Executiva do Plano da Lavoura Cacaueira (CEPLAC) field station on the Manaus-Itacoatiara Highway AM-010, some 40km to the south of the BDFF study area. The outward appearances of the forest stands at the two sites are typical for the region as described in the previous section. The one ha Reserve 1105, on similar topography and clay soil, was chosen for comparison with the CEPLAC hectare. Even though both studies are based on complete voucher collections, not all species can be compared directly due to partial or incomplete identifications of sterile material in both studies and the lack of identifications for some families in the BDFF study. Nonetheless a majority of the species are available for comparisons between the two sites. While the CEPLAC data were summarized for publication based on a 15cm minimum DBH limit, calculations for the present comparison were made from the raw data available in the appendices so as to include trees > 10cm DBH compatible with the BDFF study.
Thirty six families with trees > 10cm DBH were encountered in the CEPLAC hectare and 38 at reserve 1105, of which 14 were not held in common between the sites, with 8 occurring only in reserve 1105 and 6 in the CEPLAC hectare (Table 7) . Another 11 families of trees are known to occur in the region based on the rest of the BDFF inventory but were not present in either of these two hectares. None of the missing families are abundant nor species rich according to the results of the BDFF inventory ( Figures 5 and 6) . The large total number of species in each of the two hectares has already been cited in the previous section. Data form selected families for which comparisons can be made at present suggest nonetheless that Reserve 1105 hectare is somewhat richer in species, with 124 versus 91 in 28 families. Of these 124 a maximum of 32 species are present at the two sites. Family present elsewhere in the BDFF 70 ha inventory. 4 All have fewer than 10 species and individual species densities less than 1 tree/ha.
The same five families used for Coefficient of Community index comparisons across the BDFF single hectare reserves were again used to compare Reserve 1105 with the CEPLAC hectare. Values range from 0 to 36.4 (Table 8) , and are inferior the minimum values obtained for 3 families within the BDFF study area and in the lower half of the range for the other two families. The overall C.C. for the five families between the two sites is 25.0, thus indicating much lower similarity in species composition than for any comparison within the BDFF site (Tables 5 and 8) . While a single comparison based on sample as small as hectare may work against detecting similarity, an examination of the entire species list for the BDFF 70 ha inventory shows that 20% of the species at the CEPLAC hectare are not encountered even at such an intensive sampling level and are thus probably not present at all within the BDFF study site. This suggests that the low C.C. obtained for the five family Reserve 1105/CEPLAC comparison is probably a true reflection of compositional differences and not a function of small sample size. Maximum possible number of shared species used in case of determinations only to genus.
The most abundant tree species at the CEPLAC hectare are Eschweilera adora (= Eschweilera coriacea, Lecythidaceae) and Scleronema micranthum (Bombacaceae) and Oenocarpus bacaba (Palmae). All are also abundant in Reserve 1105 but surpassed by 2 or 3 trees by Protium cf. Ilewelynii (Burseraceae) and Rinorea guianensis var subintegri folia, neither of which can be confirmed as present in former site.
The most abundant species in the whole 70 ha BDFF inventory, Micrandropsis sci eroioxyon (Euphorbiaceae), is not present in either the CEPLAC nor the 1105 hectares. Nonetheless, the most abundant species in a family in the 70 BDFF inventory is often among the species present at the CEPLAC site, if not among the species shared with Reserve 1105 (12 out of 18 cases where a direct comparison can be made, see note Table 7 ).
DISCUSSION AND CONCLUSIONS
The upland rain forest at the BDFF study site is rich in families and species, with outstanding examples of species proliferation within certain genera. A number of new tree species have been identified in several families and the large number of fortile morphospecies not identifiable to species on the basis of collections in the INPA Herbarium suggest that more will be discovered in that material. That the area appears somewhat more diverse than would be concluded from collections at Reserva Ducke and other forest inventories in the region is probably due in part to the intensity of the inventory and the collection of vouchers from all trees regardless of reproductive state. It is recommended for forest inventories in the region that voucher specimens from all trees be collected to avoid the otherwise inevitable confusion of closely related species with similar morphology in species-rich genera. The preliminary results of the present inventory indicate that the study of the upland forest in this region is far from complete and that intensive botanical investigation will continue to yield new taxa and insights to the patterns of forest tree species distributions.
A majority of the tree species encountered are present at densities inferior to one tree per hectare. While the more abundant species may held in common at different local sites, as in the case of the ubiquitous Burseraceae species, this is by no means true of all abundant species. Mean density may be a poor indication of true local density due to a tendency toward clumping, such as demonstrated for some species of Annonaceae where even the most abundant species may be absence from some sample hectares. This is reflected in the wide variation and low lower values of the Coefficient of Community espécies similarity index for the Annonaceae as compared to the Burseraceae. In general, the similarity of the observed hectare samples for the 5 families studied was only moderate (42.4 to 66.7) and would have been lower still had individual species abundances been taken into account.
Soil texture appears to play an important role in determining how similar species composition will be for the families studied, suggesting that it is important to expand consideration to other soil parameters which may eventually contribute to a better understand ing of what controls the distributions of individual species and the composition of the forest community on any given site within the same formation. It is known that drainage and suraface hydromorphology may influence species distributions in the Guianan forests (Lescure & Boulet, 1985) . The sometimes contradictory results of soil texture and topography may be due to the need to consider the relative positions of sample hectares on the slope gradient and with respect to the headwaters of nearby streams and seasonal channels (Lucas et a"? , 1984) .
These preliminary results suggest that overall forest tree species composition varies widely over intermediate distances within the same region and that the homogeneity of this
single large yet continuous formation can not be assumed. This conclusion is supported by results for comparisons with the CEPLAC site to the south of the BDFF study site where the overall similarity index based on five families was much lower than any observed within the BDFF area.
Studies of the composition of this upland forest must thus be based on multiple sample units whose extrapolation validity must be recognized as being limited to the immediate sampling neighborhood. The implication for conservation is that more than one regional conservation unit of a dimension adequate to conserve viable populations will be necessary to guarantee complete species presence and persistence. A minimum estimate of the area necessary for even the most common species of the Myristicaceae examined here is greater than 200 hectares and will be much greater for rarer species (Ackerly et al., 1990) . 
RESUMO

